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(54) High-vacuum packaged microgyroscope and method for manufacturing the same 



(57) A high-vacuum packaged microgyroscope for 
detecting the inertial angular velocity of an object and a 
method for manufacturing the same. In the high-vacuum 
packaged . microgyroscope, a substrate with an ASIC 
circuit for signal processing is mounted onto another 
substrate including a suspension structure of a microgy- 
roscope in the form of a flip chip. Also, the electrodes of 
the suspension structure and the ASIC circuit can be 
exposed to the outside through polysilicon interconnec- 
tion interposed between double passivation layers. The 



short interconnection between the suspension structure 
and the ASIC circuit can reduce the device in size and 
prevents generation of noise, thereby increasing signal 
detection sensitivity. In addition, by sealing the two sub- 
strates at low temperatures, for example, at 363 to 
400°C using co-melting reaction between metal, for 
example, Au, and Si in a vacuum, the degree of vacuum 
in the device increases. 
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Description 

[0001] The present invention relates to a high-vac- 
uum packaged microgyroscope according to the pream- 
ble of claim 1 and a method for manufacturing the same. 
Such microgyroscope may in particular be used for 
detecting an inertial angular velocity of an object. 
[0002] FIG. 1 illustrates a conventional integrated 
micro pressure sensor manufactured by anodic bond- 
ing. The integrated micro pressure sensor in FIG. 1 
includes a first glass plate 1 as an anodic bonding 
frame, a silicon substrate 2, a first p + -layer 3 as a vibrat- 
ing plate for sensing a pressure variation, a second pa- 
laver 4 as an electrode for measuring a reference elec- 
trostatic capacitance, a first metal electrode 5 for sens- 
ing an electrostatic capacitance change, a second 
metal electrode 6 for measuring a reference electro- 
static capacitance, an ASIC circuitry area 7 for process- 
ing a variety of signals, a getter 8 for adsorbing gases to 
decrease the inner pressure near to vacuum levels, a 
conductive epoxy resin (not shown) for interconnection 
to external circuitry, and a second glass plate 10 as 
another anodic bonding frame. The first and second 
glass plates 1 and 1 0, between which the micro pres- 
sure sensor structure formed on the silicon substrate 2 
is interposed, serves as a vacuum case, and is evacu- 
ated to a pressure of 10" 6 torr, thus producing a vac- 
uum, which allows the micro pressure sensor to operate 
with high accuracy. The micro pressure sensor structure 
includes a first capacitor structure for sensing a variable 
electrostatic capacitance, which includes the first pa- 
laver 3 formed of the silicon substrate 2 and the first 
metal electrode 5 deposited on the second glass plate 
1 0, and a second capacitor structure for sensing a refer- 
ence electrostatic capacitance change, which includes 
the second p + -layer 4 formed of the silicon substrate 2 
and the second metal electrode 6 deposited on the sec- 
ond glass plate 1 0. The first palaver 3 of the first capac- 
itor structure vibrates in accordance with external 
pressure, thus causing the gap between itself and the 
first metal electrode 5 to vary. Hence, the electrostatic 
capacitance changes depending upon the pressure 
applied to the first p + -layer3. Meanwhile, the second p + - 
layer 4 of the second capacitor structure remains still 
without vibration, so that the gap between itself and the 
second metal electrode 6 remains constant, and thus 
the electrostatic capacitance does not change. 
Changes in the electrostatic capacitance of the first 
capacitor structure are measured with respect to the 
reference electrostatic capacitance of the second 
capacitor structure, thus enabling measurement of 
small changes in pressure. The getter 8 is a gas adsorb- 
ing material for evacuating the space between the first 
and second glass plates 1 and 1 0. 
[0003] Such a micro pressure sensor operates very 
accurately in a strong vacuum. The same principle can 
be applied to microgyroscopes. In addition, microgyro- 
scopes along with their associated signal processing 



circuitry must be small enough to be used in, for exam- 
ple, camcorders, 3D-mouses for Internet TV, automatic 
navigation systems and the like. This requirement is a 
limiting factor in most micro sensors as well as microgy- 

5 roscopes. For various electrostatic capacitive sensors in 
which vibration of a microgyroscope enables the sen- 
sors to operate, vacuum packaging of the suspension 
structure is needed for decreased driving voltage of the 
circuit and increased sensitivity. One of the many 

70 approaches for satisfying the need has been to use 
glass-to-silicon bonding with an anodic bonding tech- 
nique, which has been conducted primarily in the 
Esashi Laboratory in Douhuku University in Japan. 
[0004] However, such an anodic bonding technique 

15 causes contamination of an IC circuit by sodium ions 
and needs an additional electric field shielding tech- 
nique for protection of the IC from a high voltage applied 
during bonding. Therefore, the anodic bonding tech- 
nique may present a fatal problem in ICs during bond- 

20 ing. In addition, generation of excessive oxygen at 
bonding sites during bonding hinders the evacuation of 
the structure, so that there is a room for improvement. 
[0005] The technical problem underlying the 
present invention is to provide a high-vacuum packaged 

25 microgyroscope and a method for manufacturing the 
same, which allow for a relatively small size and weight 
of the device, low manufacturing effort, and high signal 
detection sensitivity. 

[0006] This problem is solved by providing a high- 
30 vacuum packaged microgyroscope according to claim 1 
and a method for manufacturing same according to 
claim 10. According to the present invention a substrate 
with a signal processing ASIC circuit is mounted on 
another substrate including a suspension structure of a 
35 microgyroscope in the form of a 3-dimensional flip, 
which decreases the area of the device and the length 
of interconnection between circuits, and the two sub- 
strates are vacuum sealed at the wafer level at low tem- 
peratures by a co-melting reaction between a metal and 
40 silicon. 

[0007] In detail the present invention is achieved by 
a high-vacuum packaged microgyroscope comprising: 
a first substrate including a suspension structure sus- 
pended over a groove cavity formed at the center of one 

45 surface thereof, and inner and outer electrode pads; 
and a second substrate including a signal processing 
circuit for sensing the motion of the suspension struc- 
ture, an interconnect for extracting electrodes of the sig- 
nal processing circuit and the suspension structure of 

so the second substrate to the outside, and inner and outer 
metal/semiconductor composite layers for vacuum seal- 
ing the first and second substrates, wherein the first and 
second substrates are placed such that the suspension 
structure and the signal processing circuit thereof face 

55 each other, and then sealed by co-melting bond 
between the outer electrode pads and the outer 
metal/semiconductor composite layers, and between 
the inner electrode pads and the inner metal/semicon- 
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ductor composite layers, to form a vacuum space in the 
groove cavity which receives the suspension structure, 
so that the first and second substrates are grounded 
and the electrodes of the suspension structure and the 
signal processing circuits are extracted to the top of the 5 
second substrate through the Interconnect. 
[0008] Preferably, the first and second substrates 
are formed of silicon. Each of the first and second sub- 
strates may further comprise a first passivation layer 
formed of silicon oxide or nitride to protect the first and 10 
second substrates. The suspension structure may be 
formed of a polysilicon or monosilicon layer. The inner 
and outer electrode pads of the suspension structures 
may be formed of a polysilicon layer, a polysi I icon/gold 
(Au) composite layer, or polysi I icon/aluminum (Al) com- 15 
posite layer. The interconnect may be formed on both 
sides and the top and bottom edges of the second sub- 
strate surrounded by the first passivation layer, the both 
sides of the second substrate being formed by presence 
of through holes, and a second passivation layer is 20 
formed on the interconnect for insulation. The outer 
metal/semiconductor composite layers may be formed 
on the outer sides of the second passivation layer. Pref- 
erably, the degree of vacuum of the groove cavity 
reaches down to 10* 6 torn Preferably, the inner and 25 
outer metal/semiconductor composite layers are formed 
of a thin Au/Si or Al/Si composite layer, such that the 
inner and outer metal/semiconductor composite layers 
are melted and bonded with the inner and outer elec- 
trode pads at a low temperature of 363°C to 400°C to 30 
create a vacuum space without causing the formation of 
voids at bonding sites. 

[0009] Further, the method for manufacturing a 
high-vacuum packaged microgyroscope according to 
the present invention comprises the steps of: (a) etching 35 
a first substrate to form a groove cavity at the center of 
the first substrate, where a suspension structure is to be 
formed, and forming a first passivation layer for protect- 
ing the first substrate; (b) depositing a polysilicon layer 
on the etched surface of the first substrate and pattern- 40 
ing the polysilicon layer into inner and outer electrode 
pads; (c) forming a suspension structure by depositing a 
sacrificial layer over the inner and outer electrode pads, 
patterning the sacrificial layer to form openings to be 
anchors for sustaining the suspension structure, depos- 45 
iting polysilicon over the opening and the sacrificial layer 
and patterning the deposited polysilicon layer; (d) 
removing the sacrificial layer by etching to float the sus- 
pension structure; (e) forming an oxide pattern on a sec- 
ond substrate having a signal processing circuit for so 
sensing the motion of the suspension structure; (f) pat- 
terning the second substrate using the oxide pattern as 
an etching mask to form through holes for interconnec- 
tion to the outside, removing the oxide pattern, and 
forming a first passivation layer for protecting the entire 55 
surface of the second substrate; (g) forming an inter- 
connect by depositing a polysilicon layer to cover both 
sides and the top and bottom edges of the second sub- 



strate surrounded by the first passivation layer, and pat- 
terning the polysilicon layer; (h) depositing a second 
passivation layer to cover the interconnect and the sec- 
ond substrate and patterning the second passivation 
layer to form openings for interconnection to the out- 
side; (I) forming inner metal/semiconductor composite 
layers for connection through the openings to the inter- 
connect, and outer metal/semiconductor composite 
layer for vacuum packaging on the second passivation 
layer; and (j) vacuum sealing the first and second sub- 
strates by co-melting bond between the inner electrode 
pas of the first substrate and the inner metal/semicon- 
ductor composite layers, and between the outer elec- 
trode pads of the first substrate and the outer 
metal/semiconductor composite layers of the second 
substrate, to maintain the cavity of the suspension 
structure in a vacuum condition. 

[0010] Preferably, in the step (b) the inner and outer 
electrode pads of the suspension structure are formed 
of a polysilicon layer, a polysi I icon/go Id (Au) composite 
layer, or a polysilicon/aluminum (Al) composite layer. 
Preferably, in the step (g) the polysilicon is deposited by 
low pressure chemical vapor deposition (LPCVD). Pref- 
erably, in the step (h) the second passivation layer is 
deposited by plasma enhanced chemical vapor deposi- 
tion (PECVD). Preferably, in the step (i), the inner and 
outer metal/semiconductor composite layers are formed 
of a Au/Si or Al/Si composite layer. Preferably, in the 
step 0), the melting and bonding are performed at a low ■ * ■. . 

temperature of 363°C to 400°C, and the degree of vac- '.--•>;■, A.* 

uum in the cavity reaches down to 1 0 * 6 torr. 
[0011] The above objects and advantages of the 
present invention will become more apparent by 
describing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 is a sectional view of a conventional microgy- .cf5~K 
roscope; 

FIG. 2 is a sectional view of a microgyroscope 
according to the present invention; 
FIGS. 3 A through 3E are sectional views of succes- 
sive stages of the fabrication of a suspension struc- 
ture on the first substrate for the microgyroscope in 
FIG. 2; 

FIGS. 4A through 4E are sectional views of succes- 
sive stages of the fabrication of a structure on the 
second substrate for the microgyroscope in FIG. 2; 
FIG. 5 is a sectional view of a completed microgyro- 
scope according to the present invention, obtained 
by sealing the first substrate with the suspension 
structure of FIG. 3E and the second substrate with 
a composite layer for interconnection and vacuum 
packaging by anodic bonding; and 
FIGS. 6A and 6B show top and sectional views of a 
wafer having multiple microgyroscopes according 
to the present invention. 

[0012] A high-vacuum packaged microgyroscope 
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according to the present invention is constructed such 
that a substrate with a signal processing ASIC circuit is 
mounted on another substrate with a suspension struc- 
ture in the form of a 3-dimensional flip, which can 
decrease the size of the device and the length of inter- 5 
connection between circuits, and in turn reduce noise. 
The two substrates are sealed at low temperature, for 
example, at a temperature of 363°C to 400°C by a co- 
melting reaction of metal and silicon, for example, gold 
and silicon, or aluminum and silicon, in a vacuum. In 70 
addition, additional packaging processes such as wire 
bonding or die bonding are not required, which sharply 
lowers the manufacturing cost Also, a reduction in the 
size of the device in the order of several square millime- 
ters contributes to minimizing all devices in micro sys- 15 
tern related applications. 

[0013] FIG. 2 is a sectional view of a high-vacuum 
packaged microgyroscope according to the present 
invention. In FIG. 2, the microgyroscope package 
includes a first substrate (structure wafer) 100 with a 20 
suspension structure 13 of a microgyroscope, and a 
second substrate (cap wafer) 200 with a signal process- 
ing circuit (not shown) and a polysilicon interconnection 
22 which allows for interconnection to external circuits. 
The cap wafer 200 acts as a cap for a cavity 1 50 formed 25 
between the first and second substrates 100 and 200. 
The polysilicon interconnection 22, which allows the first 
and second substrates 100 and 200 to be intercon- 
nected with external circuits, is exposed through the top 
of the second substrate 200, and metal/silicon compos- 30 
ite layers 24 and 25 for co-melt bonding are formed at 
the lower part of the second substrate 200. 
[0014] Also, a suspension structure 13 formed of a 
second polysilicon is suspended over the groove portion 
at the center of the first substrate 1 00, which permits the 35 
suspension structure to vibrate, and the metal/silicon 
composite layer 25 formed at the lower part of the sec- 
ond substrate 200 contributes to vacuum sealing the 
cavity 150 between the first and second substrates 100 
and 200. In FIG. 2, reference numeral 1 1 represents a 40 
passivation layer of the first substrate 100, reference 
numeral 12 represents an electrode pad for intercon- 
nection formed of a first polysilicon, reference numeral 
21 represents a first passivation layer of the second 
substrate 200, and reference numeral 23 represents a 45 
second passivation layer of the second substrate 200. 
[001 5] The first and second substrates 1 00 and 200 
are formed of a bulk silicon, and protective layers such 
as the passivation layers 1 1 and 21 are formed of silicon 
oxide or nitride on the first and second substrates 1 00 so 
and 200. The microgyroscope suspension structure 13 
is formed over the first substrate 1 00 by a micro machin- 
ing technique, and the cavity 150 is evacuated to a 
desired vacuum level, for example, down to 10~ 6 torr. 
The metal/silicon composite layer 24 for sealing the cav- 55 
ity 1 50 between the first and second substrates 1 00 and 
200 is formed of an Au-Si composite layer. 
[0016] A method for fabricating such a greater vac- 



uum microgyroscope package having the above struc- 
ture will now be described with reference to FIGS. 3A 
through FIG. 5. First, the fabrication of a suspension 
structure in the first substrate will be described with ref- 
erence to FIGS. 3A through 3E. In particular, FIG. 3A is 
a sectional view of the first substrate for the microgyro- 
scope according to the present invention after the space 
for a suspension structure has been etched and a pas- 
sivation layer has been formed on and underneath the 
first substrate, FIG. 3B is a sectional view of the first 
substrate with a first polysilicon pattern on the passiva- 
tion layer, FIG. 3C is a sectional view of the first sub- 
strate after a sacrificial layer has been formed on the 
structure of FIG. 3B, FIG. 3D is a sectional view of the 
first substrate with a suspension structure pattern 
formed on the sacrificial layer with a second polysilicon 
pattern, and FIG. 3E is a sectional view of the first sub- 
strate with a completed suspension structure obtained 
by etching away the sacrificial layer. 
[001 7] Initially, as shown in FIG. 3 A, the center area 
of one surface of the first substrate 100 formed of silicon 
is etched to secure a groove portion 1 50' where the sus- 
pension structure for a microgyroscope is to be formed. 
Then, the passivation layer 1 1 is formed as a protective 
layer of the first substrate 1 00 on the top and bottom of 
the first silicon wafer 100 with an oxide or nitride film. 
[0018] Next, as shown in FIG. 3B, a first polysilicon 
layer is coated on the passivation layer 1 1 and pat- 
terned into inner and outer electrode pads 12. Then, a 
sacrificial layer (PSG) 14 is deposited to cover the poly- 
silicon electrode pads 12, as shown in FIG. 3C, and 
then patterned to expose a portion of the electrode pads 
12 which will be an anchor for sustaining the suspen- 
sion structure. Then, as shown in FIG. 3D, a second 
polysilicon layer is deposited on the resultant structure 
and patterned to form the suspension structure 13. 
Then, the sacrificial layer 14 is removed from the struc- 
ture by dry and wet etching, resulting in the complete 
suspension structure 13 shown in FIG. 3E. 
[0019] With reference to FIGS. 4A through 4E, the 
fabrication of a second substrate structure with a signal 
processing circuit will now be described. In particular, 
FIG. 4A is a sectional view of the second substrate for 
the microgyroscope according to the present invention, 
with an oxide pattern on the top and bottom of the same, 
FIG. 4B is a sectional view of the second substrate after 
patterned and surrounded by a first passivation layer as 
a protective layer against etching, FIG. 4C is a sectional 
view of the second substrate further having a metal pat- 
tern or polysilicon interconnect, FIG. 4D is a sectional 
view of the second substrate further having a second 
passivation layer formed to surround almost all of the 
first passivation layer and the polysilicon interconnect, 
FIG. 4E is a sectional view of the second substrate fur- 
ther having metal/silicon composite layers at the lower 
part thereof. 

[0020] Referring to FIG. 4A, the second substrate 
200, which includes a signal processing circuit (not 
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shown) for detecting the motion of the suspension struc- 
ture 13 (see FIG. 3E) of the micro gyroscope, is pre- 
pared, and an oxide layer is coated thereon and 
patterned into an oxide pattern 20. 

[0021] Then, the second substrate 200 is isotropi- 5 
cally etched using the oxide pattern 20 as an etching 
mask to form through holes 27 through which connec- 
tion will be made with the outside. The oxide pattern 20 
is removed and the first passivation layer 21 is formed to 
completely surround the resulting second substrate, as w 
shown in FIG. 4B. 

[0022] Then, as shown in FIG. 4C, a polysilicon 
layer is deposited on the first passivation layer 21 of the 
second substrate 200 by low pressure chemical vapor 
deposition (LPCVD) and then patterned, resulting in the 15 
polysilicon interconnect 22. 

[0023] Then, as shown in FIG. 4D, a silicon oxide 
layer is coated on the polysilicon interconnect 22 and 
the first passivation layer 21 by plasma enhanced 
chemical vapor deposition (PECVD) and patterned to 20 
form the second passivation layer 23 having an opening 
23' for electrode pads as an opening 23" as a passage 
for connection to external circuits. 
[0024] Then, as shown in FIG. 4E, the outer and 
inner metal/Si composite layers 24 and 25 for intercon- 25 
nection and vacuum packaging are formed. The outer 
metal/Si composite layer 24 is for sealing the cavity 150 
(see FIG. 2) between two substrates. The inner metal/Si 
composite layer 25 is adhered to the electrode pad 1 2 of 
the first substrate 1 00 by melting, which allows the inter- 30 
connection between the electrodes of the suspension 
structure 13 of the first substrate 100 and the ASIC cir- 
cuit of the second substrate 200 to be connected to the 
outside. 

[0025] Finally, as shown in FIG. 5, the electrode 35 
pads 12 on the first substrate 100 are adhered to the 
metal/Si composite layers 24 and 25 of the second sub- 
strate 200 by a co-melting reaction at low temperatures, 
such that the first and second substrates 100 and 200 
are vacuum sealed while the suspension structure 1 3 is 40 
suspended in a vacuum condition, resulting in a com- 
pleted device. 

[0026] In manufacturing, many microgyroscopes, 
which have the configuration mentioned above, are 
simultaneously formed on a single wafer, as shown in 45 
FIGS. 6A and 6B. FIGS. 6A and 6B show top and sec- 
tional views of the wafer having multiple microgyro- 
scopes according to the present invention, respectively. 
In FIGS. 6A and 6B, reference numeral 180 represents 
a ball for bonding a flip chip and reference numeral 1 90 50 
represents a dicing line. 

[0027] The principle of the high vacuum packaged 
microgyroscope having the above configuration is as 
follows. Briefly, the electrode pads 12 of the first sub- 
strate 12 and the outer and inner metal/Si composite 55 
layers 24 and 25 of the second substrate 200 are melt 
and cooled using the co-melting properties to seal the 
cavity 150 therein. At the same time, the interconnec- 



tions between the electrodes of the suspension struc- 
ture 1 3 of the first substrate and the ASIC driving circuit 
(not shown) of the second substrate 200 are extracted 
to the outside. The co-melting bonding refers to a kind 
of bonding technique in which two materials having high 
but different melting points are melted and bonded at a 
temperature lower than the melting points. For example, 
the melting point of gold (Au), which is a commonly 
used metal, is 1063°C and the melting point of Si is 
241 0°C. However, when these two materials, Au and Si, 
contact, they can melt at 363°C. Thus, before the vac- 
uum sealing of the first and second substrates 1 00 and 
200, the first and second substrates 1 00 and 200 are 
maintained at350°C, which is high enough to remove a 
variety of organic substances, for example, gases 
adsorbed onto the surface of a thin film, such as oxy- 
gen, nitrogen and carbon dioxide, for degassing, and 
then two substrates 100 and 200 are melted and 
bonded at 363°C to 400°C. This melting and bonding 
process according to the present invention can exclude 
the degassing of impurities, which is usually performed 
for a long period of time after such a bonding, and the 
inner pressure of the space between the first and sec- 
ond substrates 100 and 200 becomes near vacuum lev- 
els in the vacuum chamber. In addition, the electrodes 
of the suspension structure 13 or the electrodes of the 
ASIC can be extracted to the top of the second sub- 
strate 200 through the polysilicon interconnection 22 of 
the second substrate 200. 

[0028] As described above, in the high-vacuum 
packaged microgyroscope according to the present 
invention, a substrate with an ASIC circuit for signal 
processing is mounted onto another substrate including 
the suspension structure of a microgyroscope in the * 
form of a flip chip. Also, the electrodes of the suspen- j 
sion structure and the ASIC circuit can be exposed to a 
the outside through the polysilicon interconnection inter- -j * ^ 

posed between double passivation layers. The short 
interconnection between the suspension structure and 
the ASIC circuit can reduce the device in size and pre- 
vents generation of noise, thereby increasing signal 
detection sensitivity. 

[0029] Also, by sealing two substrates at low tem- 
peratures, for example, at 363°C to 400°C using the co- 
melting reaction between metal, for example, Au, and Si 
in a vacuum, the degree of vacuum in the device 
increases. Also, additional processes, such as wire 
bonding and die bonding, are not required, the manu- 
facturing cost decreases and the size of the product 
decreases in the order of several square millimeters. 
This contributes to reducing the size and weight of 
micro system related applications. In addition, when the 
first and second substrates are electrically connected 
and grounded, inflow or outflow of the electric field can 
be blocked and the generation of noise due to elongated 
interconnections can be avoided, thereby increasing a 
signal detection sensitivity. 

[0030] While this invention has been particularly 
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shown and described with reference to preferred 
embodiments thereof, it will be understood by those 
skilled in the art that various changes in form and details 
may be made therein without departing from the spirit 
and scope of the invention as defined by the appended 
claims. 

Claims 

1 . A high-vacuum packaged microgyroscope compris- 
ing: 

a first substrate (100) including a suspension 
structure (13) suspended over a groove cavity 
(150) formed at the center of one surface 
thereof, and inner and outer electrode pads 
(12); and 

a second substrate (200) including a signal 
processing circuit for sensing the motion of the 
suspension structure, an interconnect (22) for 
extracting electrodes of the signal processing 
circuit and the suspension structure of the sec- 
ond substrate to the outside, and inner and 
outer metal/semiconductor composite layers 
(24, 25) for vacuum sealing the first and second 
substrates; 

characterized in that the first and second sub- 
strates are placed such that the suspension 
structure (1 3) and the signal processing circuit 
thereof face each other, and then sealed by co- 
melting bond between the outer electrode pads 
and the outer metal/semiconductor composite 
layers (25), and between the inner electrode 
pads and the inner metal/semiconductor com- 
posite layers, to form a vacuum space in the 
groove cavity (150) which receives the suspen- 
sion structure, so that the first and second sub- 
strates (100, 200) are grounded and the 
electrodes of the suspension structure and the 
signal processing circuits are extracted to the 
top of the second substrate through the inter- 
connect (22). 

2. The high -vacuum packaged microgyroscope of 
claim 1 , wherein the suspension structure is formed 
of a polysilicon or monosilicon layer. 

3. The high-vacuum packaged microgyroscope of 
claim 1 or 2, wherein the inner and outer electrode 
pads of the suspension structures are formed of a 
polysilicon layer, a polysil icon/go Id composite layer, 
or polysilicon/aluminum composite layer. 

4. The high-vacuum packaged microgyroscope of any 
one of claims 1 to 3, wherein the first and second 
substrates are formed of silicon. 

5. The high-vacuum packaged microgyroscope of 



claim 4, wherein each of the first and second sub- 
strates further comprises a first passivation layer 
formed of silicon oxide or nitride to protect the first 
and second substrates. 

5 

6. The high-vacuum packaged microgyroscope of 
claim 5, wherein the interconnect is formed on both 
sides and the top and bottom edges of the second 
substrate surrounded by the first passivation layer, 
w the both sides of the second substrate being 
formed by presence of through holes, and a second 
passivation layer is formed on the interconnect for 
insulation. 

15 7. The high-vacuum packaged microgyroscope of 
claim 6, wherein the outer metal/semiconductor 
composite layers are formed on the outer sides of 
the second passivation layer. 

20 8. The high-vacuum packaged microgyroscope of any 
one of claims 1 to 7, wherein the degree of vacuum 
of the groove cavity reaches down to 10" 6 torr. 

9. The high-vacuum packaged microgyroscope of any 
25 one of claims 1 to 8, wherein the inner and outer 

metal/semiconductor composite layers are formed 
of a thin Au/Si or Al/Si composite layer, such that 
the inner and outer metal/semiconductor composite 
layers are melted and bonded with the inner and 
30 outer electrode pads at a low temperature of 363°C 
to 400°C to create a vacuum space without causing 
the formation of voids at bonding sites. 

10. A method for manufacturing a high-vacuum pack- 
35 aged microgyroscope, characterized by the steps 

of: 

(a) etching a first substrate to form a groove 
cavity at the center of the first substrate, where 

40 a suspension structure is to be formed, and 

forming a first passivation layer for protecting 
the first substrate; 

(b) depositing a polysilicon layer on the etched 
surface of the first substrate and patterning the 

45 polysilicon layer into inner and outer electrode 

pads; 

(c) forming a suspension structure by deposit- 
ing a sacrificial layer over the inner and outer 
electrode pads, patterning the sacrificial layer 

so to form openings to be anchors for sustaining 

the suspension structure, depositing polysili- 
con over the opening and the sacrificial layer 
and patterning the deposited polysilicon layer; 

(d) removing the sacrificial layer by etching to 
55 float the suspension structure; 

(e) forming an oxide pattern on a second sub- 
strate having a signal processing circuit for 
sensing the motion of the suspension struc- 
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ture; 

(f) patterning the second substrate using the 
oxide pattern as an etching mask to form 
through holes for interconnection to the out- 
side, removing the oxide pattern, and forming a 5 
first passivation layer for protecting the entire 
surface of the second substrate; 

(g) forming an interconnect by depositing a 
polysilicon layer to cover both sides and the top 
and bottom edges of the second substrate sur- w 
rounded by the first passivation layer, and pat- 
terning the polysilicon layer; 

(h) depositing a second passivation layer to 
cover the interconnect and the second sub- 
strate and patterning the second passivation 15 
layer to form openings for interconnection to 

the outside; 

(i) forming inner metal/semiconductor compos- 
ite layers for connection through the openings 

to the interconnect, and outer metal/semicon- 20 
ductor composite layer for vacuum packaging 
on the second passivation layer; and 
G) vacuum sealing the first and second sub- 
strates by co-melting bond between the inner 
electrode pas of the first substrate and the 25 
inner metal/semiconductor composite layers, 
and between the outer electrode pads of the 

first substrate and the outer metal/semiconduc- 4. 
tor composite layers of the second substrate, to 
maintain the cavity of the suspension structure 30 
in a vacuum condition. 

11. The method of claim 1 0, wherein 

' • * 

in the step (b) the inner and outer electrode 35 - tr 

pads of the suspension structure are formed of ,.r 
a polysilicon layer, a polysilicon/gold composite : v •■■"u 

layer, or a polysilicon/alumlnum composite 
layer, and/or 

in the step (g) the polysilicon is deposited by 40 
low pressure chemical vapor deposition 
(LPCVD), and/or in the step (h) the second 
passivation layer is deposited by plasma 
enhanced chemical vapor deposition 
(PECVD), and/or 45 
in the step (i) the inner and outer metal/semi- 
conductor composite layers are formed of a 
Au/Si or Al/Si composite layer, and/or 
in the step (j) the melting and bonding are per- 
formed at a low temperature of 363 to 400°C, so 
and/or in the step 0) the degree of vacuum in 
the cavity reaches down to 1 0 6 torn 



55 
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FIG. 3A 

150' 




IIIIIIIIIIIIIIIIIIIIIIIIIIIMhv 1 ^MR 

^iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiP^ 



llillllillllllllllll!!! 



100 



^ififiiifiiirifriiiiffifiiiiiiiiiiifiiiiiiififiiiiiiiiiiiiifiiiijifiriiiitiiiaiiiiiiiiifrfiFiiifEifEiiuiiiiiiia 



FIG. 3B 



12 12 



^rtmilMllllllllllimillllllllfff^ ^ 



llilllllllllll!!! 



100 



illllllJIIIIIIIIIIflllllllJIllJIIIIIIIIIlllIIIlllIIIIJillHIIIlllllIlllIlllItllllllJlllllIllIUIilllllllfllfflll 



FIG. 3C 




100 



r it iitiiiMi jiiimiimmrmm mm i m mm nn tm mi mi miiihii miMiiinf iumminiiniiiit i 



9 



EP 1 096 259 A1 



FIG. 3D 




1 2 1_00 1 2 



^iiiiiiiiiiiiiinniiiiiiiiiiiiiiiiiiiiHiiiiiif iitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitinnnmmiimiiiifiii. 



FIG. 3E 



i ii i ISm 'i iih 




in 




13 rJZ 



fllllllllilllll! 



3—1 1 



1 2 100 1 2 



jllllIlllllIIIIlllIIIIIIlllillllllllllllllllJlllllllllllIIIllIIfllllllllllllTllIIJfllVilllllllfltllllflllltlllll 



BNSDOCID: <EP 1096259A1_I_> 



10 



EP 1 096 259 A1 



FIG. 4A 



20 



200 



-20 



FIG. 4B 



ESSE 




27 





FIG. 4C 






11 



BNSDOCID: <EP 1096259A1 J_> 



EP 1 096 259 A1 



FIG. 4D 



23" 




FIG. 4E 




BNSOOCID: <EP 1096259A1_L> 



12 



J ■ 

EP 1 096 259 A1 



FIG. 5 




BNSDOCID: <EP 1096259A1 J_> 



13 



EP 1 096 259 A1 



FIG. 6A 
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